ABSTRACT
Two (amyloid and presenillin) hypotheses have been proposed to explain the pathogenesis of Alzheimer's disease (AD). According to amyloid hypothesis, the main amyloid plaques which are hallmark of AD are generated by β-and γ-secretase mediated proteolytic processing of amyloid precursor protein (APP). The amyloid hypothesis does not adequatly address the pathogenesis of the disease, however, since transgenic mice that express the pathologic mutations of the APP and presenilin-1 (PS1) genes produce amyloid plaques but fail to exhibit neurodegeneration and memory loss observed in AD patients. According to presenilin hypothesis, loss of essential functions of PS due to decreased PS expression or mutations in the PS genes better explains the pathogenesis of AD. Recent studies have revealed that forebrain specific conditional knockouts of PS1 and PS2 genes (cPSKO) cause both neuronal degeneration and memory loss without evidence of formation of amyloid plaques. Another potential mechanism for the pathogenesis of AD may reside at the transcriptional regulation of the presenilin-1 gene. In this review, a detailed analysis of transcription factors that regulate PS1 transcription will be discussed. An in depth understanding of the regulatory mechanism of PS1 transcription can identify the targets that can potentially be used in therapeutic intervention of AD.
INTRODUCTION
Both the early-onset and the late-onset of Alzheimer's disease (FAD and AD respectively) affect millions of people throughout the world. The late onset of the disease is sporadic and affects people in the 6 th or 7 th decades of their lives (1) . The early-onset of the disease is genetically linked and affects people between 3 rd and 4 th decades of their lives (1), and thus called familial AD or FAD. Mutations in the coding regions of genes encoding amyloid precursor protein (APP) (2,3), presenilin-1 (PS1) (4, 5) , and presenilin-2 (PS2) (4, (6) (7) (8) have been shown to be the pathogenic cause of FAD. Most of the early-onset AD (FAD) is due to mutations in the coding region of the PS1 gene (4, 5) . Mutations in the promoter regions of the PS1 gene also appear to cause susceptibility to both AD and FAD (9) . Conditional knockout of presenilins in the adult mouse brains leads to progressive memory loss and neurodegeneration in mice similar to AD pathology in humans (10) . On the contrary, overproduction of amyloid β-peptide (Aβ) in transgenic mouse model system failed to produce neurodegeneration (11) . These data suggest that loss of essential functions of presenilins could be the primary cause of dementia and neurodegeneration in AD without the production of amyloid plaques. PS1/PS2 is the catalytic subunit of γ-secretase (12). Mutations in PS1 or PS2 gene may cause the pathogenesis of FAD either by altering the proteolytic processing of β-amyloid precursor protein (APP) to produce Aβ 42 instead of normal Aβ 40 (13) (14) (15) (16) or loss of essential functions of PS leading to neurodegeneration and memory loss (10, 17) . Therefore, PS1 gene regulation may play a crucial role to in the development of FAD and AD. Covalent modifications of histone tails by acetylation control regulation of gene transcription (18) (19) (20) (21) (22) (23) . Ets transcription factors play a critical role in trans-activation of the PS1 gene (24, 29) . Coactivator p300 appears to interact with Ets transcription factors and co-activate PS1 transcription (25) . Zinc finger protein ZNF237 (30) and chromodomain helicase DNAbinding protein CHD3 (31) interact with Ets transcription factor ERM and inhibit PS1 transcription and PS1 protein level. Since p300 has intrinsic histone acetyl transferase (HATs) activity CHD3 is a part of the histone deacetylase (HDACs) complex, acetylation of histones by p300 and deacetylation of histones by CHD3 may potentially play important roles in the regulation of PS1 expression and γ-secretase activity. Therefore, transcription factors that regulate PS1 expression may be potential drug targets for the treatment of AD.
DISCUSSION
3.1. Amyloid hypothesis of Alzheimer's disease and preseniluin-1 protein 3.1.1. Amyloid hypothesis of Alzheimer's disease Alzheimer's disease (AD) is an age-related neurodegenerative disorder characterized by progressive decline in memory, judgment, ability to reason, and intellectual function (17) . AD is also the most common cause of both neurodegeneration and dementia (17) . Neuronal and synaptic loss is also an essential neuropathological feature common to AD (17) . AD is accompanied by wide range of neuropathological features including extracellular amyloid plaques and intra-cellular neurofibrillary tangles (32) (33) (34) (35) (36) (37) (38) (39) (40) . The cause of AD is still very much unknown and no cure is available to treat these patients. AD afflicts approximately 5 millions American adults (1) . More than 100,000 victims die annually due to complications of AD making it the fourth leading cause of death in adults after heart disease, cancer, and stroke (1) . Complications associated with AD usually result in death within 10 years of onset. The baby boom generation, now in their middle age, will enter into their old age in the next few years, and the number of AD patients is projected to increase substantially. The health care cost to treat these patients will be astronomical.
Amyloid hypothesis of AD is based on the detection of cerebral cortical amyloid plaques consisting of 40-and 42-residue amyloid β-peptide (Aβ 40 and Aβ 42 ) which are derived from sequential proteolytic processing of amyloid precursor protein APP by β-and γ-secretase (33, 35, 36) . Another feature of the AD pathology is the generation of neurofibrillary tangles due to hyperphosphorylation of tau protein (35, 36, 41) . In the current review we will not focus on the roles of neurofibrilary tangles and tau phosphorylation that might be causative of AD.
Structure and topology of presenilin-1 (PS1) protein
PS1 and PS2 are integral membrane proteins localized mainly in the endoplasmic reticulum and, to a lesser extent, in the Golgi compartment (5, 42) . PS1 probably contains eight transmembrane domains (TM), with both the N-and C-terminal domains, as well as the large hydrophilic loop between TM6 and TM7, toward the cytoplasm (Figure 1 ) (43) . PS1 is involved in a variety of physiological processes such as mammalian embryogenesis, CNS development, neuronal survival, intracellular cell signaling, cell death, and the pathogenesis of AD (44) (45) (46) (47) (48) . The PS1 gene was originally discovered because of its pathological role in the development of presenile (onset before 65 years of age) Alzheimer's disease. Indeed, because of its critical role in AD, the gene was dubbed "presenilin".
PS1 is the catalytic subunit of the γ-secretase complex
The γ-secretase (Figure 1 ) is an unusual aspartyl protease required for the intramembranous cleavage of variety of type 1 integral membrane proteins including APP and Notch 1 receptor (32, 33) . Processing of Notch 1 by γ-secretase is essential for Notch signaling, a critical factor in vertebrate development, neurogenesis, as well as synaptic remodeling and plasticity in postmitotic neurons (33, (49) (50) (51) . The γ-secretase also plays a central role in the pathogenesis of AD, because the amyloid β-protein (Aβ 40 ) which forms plaques in the brains of AD patients, is generated by sequential cleavage of APP by β-and γ-secretases ( Figure 2 ).The γ-secretase is an equimolecular complex of four noncovalently associated integral membrane proteins, PS1, nicastrin, Aph-1, and Pen-2 ( Figure 2 ) (52, 53) . Mutation of either of two conserved transmembrane aspartate residues in PS1, Asp257 (in TM6) and Asp385 (in TM7) substantially reduces Aβ production ( Figure 2 ) (12). Therefore, transmembrane aspartate residues are critical for γ-secretase activity. The γ-secretase activity is greatly reduced and secretion of Aβ 40 is strongly inhibited in brain cultures from living PS1 -/-embryos suggesting a direct role of PS1 in the amyloidogenic processing of APP (54).
Different risk factors in the pathogenesis of lateonset Alzheimer's disease (AD)
There are two types of AD; late onset and early onset Late-onset AD (> 60 years) comprises the majority of AD cases. The apoE4 allele of the apolipoprotein E (apoE) (55-57) and a common mutation in the gene encoding α 2 -macroglobulin (α 2 M) (58) are associated with a significant proportion of cases with late-onset AD. Recently a gene called SORL 1 (sortilin-related receptor) has been linked to the late onset or sporadic form of AD (59) . The SORL1 gene is robustly associated with an increased risk of AD. The protein made by the SORL1gene is called SORLA or LR11. The protein product SORLA of the SORL1 gene appears to regulate protein movements through the cell (59) . Mutations in the SORL1 gene cause the reduction of its protein product SORLA which in turn increases the risk of developing AD. One possible mechanism is that lack of SORLA may direct the trafficking of APP to compartments in cells that contains enzymes to process APP to generate neurotoxic Aβ peptide which forms plaques to cause AD. If this hypothesis about the function of SORLA is proven to be right, this will identify the cause of AD and this will help identify and develop treatment for people at risk of AD.
PS1 gene mutations cause early-onset familial Alzheimer's disease (FAD): Early-onset familial AD or presenile AD
(onset at age 30-50 years) is an aggressive form of devastating memory disorder that strikes in middle age and is primarily inherited as an autosomal dominant trait (familial AD or FAD). Estimates of the proportion of AD cases that are genetically based have varied widely from as low as 10% to as high as 40 or 50% (5, 8, 37) . Some investigators believe that almost all cases of AD will be shown eventually to have genetic determinants (8) . 
PS1 gene mutations cause abnormal processing of β-amyloid precursor protein leading to early onset alzheimer's disease (FAD)
The principal component of amyloid in senile plaques of AD patients is an ~ 4 kDa peptide Aβ 42 / 43 derived from APP (60) (61) (62) (63) (64) ). An altered APP processing has been proposed to result in generation of amyloidogenic protein fragments Aβ 42 / 43 instead of Aβ 40 ( Figure 2)(13,14) . Overexpression of the FADPS1 gene in transgenic mice leads to increases in the cerebral production and/or deposition of amyloidogenic Aβ 42 / 43 peptides (14-16). Indeed significantly elevated levels of Aβ 42 / 43 were found in plasma and conditioned media of primary fibroblasts of patients with chromosome 14-associated FAD (14) (15) (16) 65, 66) . Studies indicate that cultured neurons making just normal amounts of FADPS1 protein look healthy but are still more easily pushed into apoptosis by various forms of stress (67) . Therefore, it may be the case that mutation of PS1 is not the critical event leading to FAD. Rather, it is the real quantity of mutated PS1 protein that may be the culprit. When mutated PS1 protein exceeds a critical threshold concentration, then FAD results. Hence downregulation of FAD-associated PS1 expression in neurons may potentially reduce the risk of early-onset of the disease. These results provide strong evidence for a direct link between altered proteolytic processing of APP and PS1 mutations that modify γ-secretase function causing early-onset FAD.
PS1 gene mutations are associated with increased levels of calcium in the endoplasmic reticulum in the brains of FAD patients
Two pathogenic mechanisms for PS1 mutations (FADPS1) that cause early onset familial Alzheimer's disease (FAD) have been proposed. One mechanism involves altered γ-secretase-mediated processing of amyloid precursor protein (APP) resulting in increased production of neurotoxic Aβ 1-42. Second mechanism is associated with increased levels of calcium in the endoplasmic reticulum (ER) (68) . Increased calcium in ER leads to the enhancement of the intracellular Ca +2 levels due to release from ER causing neuronal apoptosis. Fluctuations of intracellular Ca +2 levels also produce highly consistent alterations in intracellular calcium signaling pathways, which include a potentiation of the phosphoinositide/calcium signaling cascade and deficits in capacitative calcium entry. Proteolytic fragment AICD generated by sequential processing of APP by β-and γ-secretase was found to rescue Ca +2 deficits present in APP -/-cells (68) . Blast search suggests that AICD may associate with other transcription factors (CP2/LS/LBP1) to form transcriptively active complex and may regulate the expression of ER calcium ATPase which is responsible for transporting Ca +2 from cytosol to the lumen of the ER. Presenilin-1 (PS1) is the catalytic subunit of the γ-secretase complex. Pathologic mutations in the PS1 gene may enhance PS1/ γ-secretase activity resulting in increased production of AICD and enhancement of the intercellular Ca+2 levels.
Presenilin hypothesis of Alzheimer's disease 3.2.1. Decreased expression of presenilins causes neuronal apoptosis
There is a significant decrease in PS1 and PS2 content in neurons from brain areas adversely affected by late-onset Alzheimer's disease (69,70). Takami et al. provided convincing evidence that expression of PS1 mRNA is markedly decreased in the hippocampus of AD patients compared to non-demented controls (70) . This reduction of PS1 mRNA was particularly marked in pathologically affected areas where numerous plaques and tangles existed. The above data indicate that decreased expression of the PS1 gene may lead to neuronal apoptosis causing Alzheimer's disease.
Certain mutations in the PS1 gene can cause neurodegenerative dementia without Aβ accumulation
In contrast to AD, frontotemporal dementia (FTD) is a neurodegenerative disease without accumulation of Aβ plaques in the brains of affected patients (17) . PS1 mutations (L113P, G183V, and ins R352) have been identified to be present in families with FTD without amyloid pathology (17) . Neuronal and synaptic loss is the common pathological feature for both AD and FTD. Mouse models of AD in which mutated PS1 and APP are overexpressed to overproduce Aβ peptide failed to produce neurodegeneration (11) . On the contrary, conditional knockout of PS1 and PS2 in adult mouse brains ultimately leads to progressive neurodegeneration accompanied by loss of synapses, dendrites, and neurons, memory loss and tau hyperphosphorylation without the formation of amyloid plaques (10, 17) . These data support the hypothesis that loss or decreased of PS functions (either by mutations or deletion) leads to synaptic dysfunction, and altered signaling which can cause neuron degeneration, gliosis, and tau hyperphosphorylation. Thus these data support that loss of presenilin functions is a better model for the pathogenesis of AD than the amyloid model of AD.
A hypothetical mechanism by which loss of PS functions may cause neurodegenerative dementia without Aβ accumulation
Conditional knockout of PS1 and PS2 in the adult cerebral cortex were carried out and PS expression was inhibited at 4 weeks of age and neurodegeneration was very prominent at the same time (10) . By 9 months more than 25% of cortical neurons are lost. Neurodegeneration of these mice are preceded by memory loss, reduction in NMDA receptor mediated long term potentiation, diminished expression of CRE-dependent (cAMP response element-dependent) gene expression such as c-fos and BDNF gene expression (10) . Transcription activator CREB (CRE-binding protein) binds to CRE and enhances the expression of genes containing CRE. Co-activator of CREB, called CBP (CREB-binding protein) interacts with CREB and co-activates target gene expression containing CRE. Expression of c-fos and BDNF genes are regulated by CREB and CBP (10) . Studies of forebrain specific PS1 -/-PS2 -/-cKO postnatal mice suggest that expression of CREB, CBP, and their target genes (e.g. c-fos, BDNF ) is drastically reduced confirming the role of presenilins in the expression of CRE-dependent genes and neurodegeneration. Data from these studies suggest that inhibition of CRE-dependent gene expression leads to neurodegeneration without Aβ accumulation. PS cDKO mice have reduced long term potentiation (LTP) which is a measured of memory. LTP deficit in these mice reflects a potential reduction of NMDA receptor mediated response. Also, PS1 is involved in the transport of NMDA receptor subunits (NR1, NR2A, NR3A) and to the cell surface which is required for NMDA receptor mediated memory formation and LTP (10, 71) . Therefore, inhibition of PS function in these mice may hinder this transport process resulting in the loss of memory. Western blot analysis suggests that total cortical levels of NR1, NR2A, and NR2B are unchanged but the expression of NR1 and NR2A is drastically reduced synaptosome preparations of PS cDKO mice (10) . Thus it appears that physical association of PS with NMDA receptor subunits are required for normal NMDA receptor mediated LTP and memory formation. CaMKII plays a central role in synaptic plasticity or LTP (10) . NMDAR-mediated responses regulate the localization, levels of expression, and modulate the activity of CaMKII. Correlation of deficit in NMDAR responses and the reduction of CaMKII activity in PS cDKO mice confirm the roles of NMDAR and CaMKII to the impairments synaptic plasticity, learning, and memory in these mice (10) . The major conclusion of the study of PS cDKO mice is that pathologic mutations in the PS genes may alter the functions of PSs similar to those of loss of function of PS and thus may cause disease by partial loss of PS functions.
Wild type PS1 but not M146L mutant PS1 activates CREB-binding protein CBP by a mechanism involving MAPK pathways
cAMP response elements (CRE) are present in the promoter of many neuronal genes including c-fos and BDNF genes (10) . CRE-biding protein (CREB) binds to CRE and regulate target gene expression in response to cAMP-dependent pathway. The coactivator of CREB (called CREB-binding protein CBP) promotes transcriptional activation by linking DNA binding transcription factors with the basal transcription factors. We have previously discussed that inactivation of CREB and CBP by inactivation of PS functions leads to memory loss and neurodegeneration in mice (10) . From these results it was hypothesized that pathogenic mutations in the PS1 gene may cause inactivation of CBP resulting in the pathogenesis of early onset alzheimer's disease. It was previously hypothesized that Notch is processed by PScontaining gamma secretase to produce Notch intracellular domain (NICD). NICD then migrates to the nucleus and associates with DNA binding transcription factor CBF-1 and activate the expression of the CBP gene which contains CBF-1 binding site. Loss of PS function inhibits Notch processing and generation of NICD leading to inactivation of CBP and repression of CRE-containing genes (10) that are involved in neuronal survival and formation of memory.
In a parallel investigation it was shown that wild type PS1 stimulates the transcriptional activity of CBP whereas PS1 M146L pathogenic mutant did not produce such an effect (72) . This experimental finding supports the loss of function hypothesis due to pathogenic FAD mutations in the PS1 gene. The proposed mechanism by which PS1 regulates transcriptional activity of CBP is different from the mechanism proposed by Saura et al (10) . It was shown that wild type PS1 activates PI3K, p38MAPK, and p42/p44 MAPK pathways which activates CBP by phosphorylation which is translocated to the nucleus to promote expression of CRE-containing genes (72) . On the contrary PS1 M146L mutant fails to activate CBP and thus CBP can not be translocated to the nucleus to promote CRE-containing genes. Therefore, PS1 M146L mutant may have partial loss of function and may reduce the expression of CRE-dependent genes such as c-fos or BDNF resulting in memory loss and neurodegeneration. The mechanisms by which PS1 activates MAPK pathways remain to be determined.
Transcriptional regulation of the presenilin-1 gene 3.3.1. The PS1 gene is regulated in neurons
To date very little is known about the promoter structures and the transcriptional regulation of the PS2 gene (73) . Most of the studies are focused on the transcriptional regulation of the human PS1 gene. The PS1 gene is regulated during development (74), aging (75) , and brain injury (76) . PS1 gene expression is also upregulated during development and in situ hybridization studies of mouse embryos reveal a neuronal expression pattern of PS1 mRNA that overlaps with the expression of Notch homologues (75) . There is a significant decrease in PS1 content in neurons from brain areas adversely affected by AD (70) and also during aging (74) . Thus, PS1 gene is not only involved in AD pathology but also appears to regulate broader process of brain development and response to injury. PS1KO in postmitotic neurons causes impairments of memory followed by age-dependent neurodegeneration (10).
Ets transcription factors bind to several the proximal promoter elements of the human PS1 gene and activate PS1 transcription
Deletion mapping of the human PS1 promoter delineated the most active fragment from -118 to +178 in relation to the transcription start site in human neuroblastoma SK-N-SH cells (Figure 3 ) (28). However, the promoter appears to be utilized in alternative way in SK-N-SH and SH-SY5Y cells (28) . Altering the Ets motif at -10 eliminates 80% of transcription in SK-N-SH cells whereas the same mutation has only minor effecting SH-SY5Y cells. Conversely, mutation on the Ets element at +90 , which eliminates 70% of transcription in SH-SY5Y cells, has a lesser effect in SK-N-SH cells. In both cell types a promoter including mutations at both -10 and +90 Ets sites loses over 90% transcription activity indicating the crucial importance of these two Ets motifs. Several Ets factors that recognize specifically the -10 Ets motif by yeast one-hybrid selection including avian erythroblastosis virus E26 oncogene homologue 2 (Ets2), Ets-like gene 1 (Elk-1), Ets translocation variant 1 (ER81) and Ets related molecule (ERM) (26, 27) . Ets2, ER81, and ERM specifically bind to the -10 Ets element and transactivate PS1 transcription in transient transfection assay whereas Elk-1 inhibits PS1 transcription ( 26, 27) . It has also been shown that ERM specifically recognizes Ets motifs on the PS1 promoter located at -10 as well as +90, +129, and +165 and activates PS1 transcription with promoter fragments containing or not the -10 Ets sit (28).
p300 protein interacts with Ets transcription factor Ets2 and co-activates PS1 transcription
p300 protein is a global transcriptional coactivator of many eukaryotic genes. p300 is known to interact with Ets transcription factors Ets1 and Ets2. Ets1/Ets2 factor binds specifically to the -10 Ets element and activates PS1 transcription. p300 enhances the activation of PS1 transcription by Ets1 and Ets2 suggesting that p300 is a co-activator of the PS1 gene (25).
Zinc finger protein ZNF237 interact with ERM transcription factor and inhibit PS1 transcription
Using the C-terminal 415 amino acid of ERM as bait for yeast two hybrid selection in a human brain cDNA library two proteins were identified which interact with Ets transcription factor ERM (30, 31) . One of the interacting proteins was ZNF237 (30), a member of the 
Chromodomain helicase DNA binding protein 3 (CHD3) interact with ERM transcription factor and inhibit PS1 transcription
The second protein identified by yeast two hybrid selection using the C-terminal 415 amino acid of ERM as bait is chromatin remodeling factor CHD3/ZFH (31) Furthermore, data from chromatin immunoprecipitation (ChIP) indicate that CHD3/ZFH indeed interacts with the PS1 promoter in vivo (31).
Regulation of PS1 transcription by acetylation of histones
Gene expression can be affected by changes in chromatin structure and the packaging of DNA into nucleosomes (histone-DNA complex) (18) (19) (20) (21) (22) (23) . Each nucleosome comprises ~146 bp of DNA wrapped around a histone core (H2A-H2B-H3-H4)2. The acetylation of lysine residues on histone tails by histone acetyl transferase (HATs) neutralizes their charges and decreases the affinity for DNA and thus facilitates transcription of genes located in these regions (18) (19) (20) (21) (22) (23) . On the contrary, deacetylation of these lysine residues by histone deacetylase (HDACs) restores high affinity of histones for DNA and therefore, can decrease the accessibility of genes to transcriptional machinery (18) (19) (20) (21) (22) (23) . In addition, the Swi/Snf class of proteins can cause ATP-dependent disruption of nucleosome structure by helicase activity at a promoter, and enhance the binding of transcription factors to their binding sites (18) (19) (20) (21) (22) (23) . Therefore, actions of HATs, HDACs, and Swi/Snf proteins lead to nucleosome movement, changes of chromatin conformation, and profound transcriptional activation (or repression) of a gene (18) (19) (20) (21) (22) (23) . Ets2, ER81, and ERM activate PS1 transcription (24) (25) (26) (27) and p300 is a co-activator of Ets2 (25) . Transcription factor ERM interacts with its co-repressor CHD3 in yeast twohybrid selection assay (31) . Since p300 has intrinsic HAT activity and CHD3 is a component of the histone deacetylase (HDACs) complex, chromatin remodeling by acetylation and deacetylation of histones may play a critical role for PS1 regulation. Transfection SH-SY5Y cells with CHD3 expression vector inhibits PS1 transcription and PS1 protein expression as well as increased recruitment of CHD3 into the PS1 promoter (31) . These data suggest that chromatin remodeling and deacetylation of histones by CHD3-containing HDAC may play a crucial role in the repression of PS1 transcription. Therefore, HDAC inhibitors may potentially be used to augment PS1 expression and to treat neurodegenerative diseases including AD.
A mutation in the PS1 core promoter is associated with an increased risk of Alzheimer's disease
A mutation (-22C>T promoter polymorphism) in the PS1 core promoter has been shown to correlate with the increased risk of AD and FAD (9) . This pathologic promoter mutation was discovered on the basis of the published in vitro results to show that Ets transcription factors play a critical role in PS1 transcription (24) . Reporter assay shows a neuron-specific 2-fold decrease in promoter activity for the -22C risk allele (9) . Therefore, homozygosity at -22C allele appears to cause decrease in PS1 expression in AD (9) . The -22C>T mutation also affects the binding of Ets factor (s) at the-10Ets site (9) suggesting that regulation of PS1 transcription by Ets factors is critical for the pathogenesis of AD and FAD. This discovery suggests that regulation of PS1 transcription by Ets factors would play a critical role in the pathogenesis of AD.
Activated cAMP-response element-binding protein (CREB) regulates expression of human PS1 in SK-N-SH cells
In a separate studies, it was shown that a putative cAMP-response element (CRE) TGACGACA spanning the PS1 promoter sequence (-7 to +1) also controls the expression of the PS1 gene ( Figure 3 ) (78) . Electrophoretic mobility shift and antibody supershift assays were performed to show that this CRE binds to CRE-binding protein (CREB) upon stimulation of SK-N-SH neuroblastoma cells with NMDA (78) .Stimulation of SK-N-SH cells with NMDA also resulted in activation of CREB (increased phosphorylation at ser-133) and increased PS1 reporter expression and PS1 protein level (78) . Similarly treatment of SK-N-SH cells with brain derived neurotrophic factor (BDNF) activated CREB and also increased PS1 expression in a dose dependent manner (78) . Activation of CREB by phosphorylation at ser-131 is mediated by MAP kinase pathway. It was demonstrated that constitutive expression of MEK resulted in activation of CREB and PS1 expression which can be blocked by treatment of SK-N-SH cells with MEK inhibitor U0126 (78) . These data suggest that activation of NMDA receptor may activate CREB to enhance PS1 expression and neuronal function. This finding is contradictory to what is observed in PS cDKO mice study in which it was demonstrated that inhibition of PS functions lead to reduced transport of NMDAR subunits (NR1, NR2A), decreases activity of CaMKII. decreased expression of CREB, CBP, and CRE-containing genes (c-fos and BDNF), which are involved in neuronal survival, memory formation, and LTP (10).
IMPORTANCE IN DRUG DEVELOPMENT TARGETING PS1 TRANSCRIPTION
According to amyloid hypothesis, increased PS1/γ-secretase activity due to overexpression of the FADPS1 gene would lead to increased production of Aβ 42 and deposition of amyloid plaques in the brains of FAD patients. In this scenario, overexpression of ZNF237 and CHD3 may reduce amyloid burdens. This possibility could be tested using APP Tg model of AD in which Swedish mutation of APP has been overexpressed under the control of PDGF-β promoter (79) . These APPTg mice develop Aβ 42 plaques at the age of and have all the pathological features of AD (79) . Roles of ZNF237 or CHD3 in the inhibition of PS1/γ-secretase activity, reduction of Aβ 42 and amyloid production can be tested by neuron-specific conditional expression of ZNF237 or CHD3 in the brains of APPTg mice. If it is demonstrated that ZNF237 and/or CHD3 reduces amyloid load in the brains of APPTg mice, small molecules that activate the transcription of ZNF237 or CHD3 can be developed to test their efficacy in APPTg mouse models of AD. Positive results may lead to use those small molecules in preclinical and clinical human trials for the treatment of AD and FAD.
On the other hand, according to presenilin hypothesis, loss of PS functions may cause neurodegeneration and memory loss in AD. In that event, stimulation of PS1 expression by HDAC inhibitors may potentially be used to treat AD patients (23).
CONCLUSION
This review provides a general understanding of two prevailing but contradictory amyloid and presenilin hypotheses which are thought to participate in the pathogenesis of Alzheimer's disease. Each of these hypothesis explains many features of the disease. One drawback of the presenilin hypothesis is that it is primarily based on the conditional PSKO mouse models that turn off the expression of presenilins (10) . This observation suggests that transcriptional inhibition of PS genes may be based on decreased mRNA levels in AD patients. Although, consistent with this hypothesis, the levels of PS1 and PS2 mRNAs are reduced in the brains of AD patients, complete absence of gene expression has not been shown in any patient so far (70) . Therefore, there a need to better understand the mechanisms of transcriptional regulation of the PS1 gene and dissect the role of PS1 transcription in the pathogenesis of AD.
If amyloid hypothesis turn out to be correct, then drugs can be developed that target the transcription factor(s) that regulate PS1 transcription. Since PS1 has many potential targets (such as Notch signaling), it will be a challenge to regulate PS1 levels or activity in a manner that would be non-toxic. The targeting the PS1 gene would involve chronic partial (30-40%) inhibition of the PS1/γ-secretase by augmenting HDAC (CHD3) activity or ZNF237 activity. By using statin drugs, this strategy has already been accomplished for another vital enzyme, HMGCoA reductase that lowers cholesterol but does not cause side effects. Athough γ-secretase inhibitors may have potential side effects due to their ability to inhibit Notch signaling, some inhibitors are currently being studied for the treatment of AD. It is hoped that such strategies will slow and/or prevent familial AD (FAD) or AD without inducing significant side effects.
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